Volume
of a gas at

Number
of entities

e.g. Calculate the empirical formula of a compound with the followmg composition: 52.1% carbon, 13%
hydrogen, 34.9% oxygen. Gwen that its relative molecular mass is 92, calculate its molecular formula.,

Raswer
List the elements in columns, with their percentage by mass underneath, then follow these stages: |
< H_ O
% by mass 521 130 349
Moles (+ A 12 1 16
= 4.34 13.0 218
Divide through
by the smallest 1.99 : b6 : 1
number (2.18) =2 =B

-~ Empirical formula: ColH;0 (M, = 46)
M, for the compound: 46 x 2 = 92
- Molecular formula: 2 x GHgO = C1;,0,

- -



e.g. Calculate the mass of water produced when 20 g of ammonium dichromate(VI) decomposes according
to the following equation;

(NH:g)zCI'gO;v — CryOy + 4H,0 + N,

Answer
Work in the following steps:
Step 1 Convert the grams into moles

- 2
20 g of (NH),Cr,0; = 559—2— = 0.079 mol

Step 2 This is the only step where you can use the molar ratios in the equation
1 mol (NH,),Cr40; produces 4 mol H,0
. 0.079 mol (NHy),Cr;07 produces 4 x 0.079 = 0.317 mol L0

Step 3 Convert the moles back to grams

0317 mol H,O = 0317 x 18 g
=571 g Hgo
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How many moles of {a) 4 g of methane, CH,
molecules are there in: (b) 6.4 g of sulphur dioxide, SO,
(c) 2.8 g of nitrogen, N,
(d) 190 g of fluorine, ¥,
(e) 56 g of carbon monoxide, CO

What is the mass of: (@) 0.02 mol of octane, Cgll}g
(b) 5 mol of zinc atoms
(c) 0.25 mol of calcium chloride, CaCl,
{(d) 2 mol of chlorine molecules, Cl,
(e} 0.125 mol of carbonate ions, CO5%

How many moles of: (a) molecules are there in 4.6 g of nitrogen dioxide, NO,
{b) nitrate ions are there in 66.2 g of lead nitrate, Pb(NO3),
{c) atoms are there in 14 g of krypton, Kr
(d) molecules are there in 7 g of carbon monoxide, CO
(e) sulphate ions are there in 6.84 g of aluminium sulphate, AL{SO,);

What is the mass of: (8) 0.1 mol of calcium oxide, Ca0
(b) 3 mol of water, H,0
{¢) 0.25 mol of potassium manganate(VIL), KMnO,
{d) 1.2 mol of lead(Il) phosphate, Pbs(PO,),
(e) 10 mol of sodium chloride, NaCl

{a) What mass of magnesium chloride (MgCl,) must be taken if it is to contain 10.65 g of chloride ions?

(b} What mass of aluminium nitrate (AI(NOj)s) should be taken if it is to contain 3.93 g of nitrate ions?

(c) A sample of hydrated copper sulphate, CuSO,5H;0, weighs 50 g, How many moles of water
molecules does it contain?

Write down:

(a) The mass of zinc with the same number of atoms as there are hydroxide ions in 12.2 g of magnesium
hydroxide, Mg(OH),. '

(b} The mass of iron which has the same number of atoms as there are nitrate ions in 0.36 g of silver
nitrate, AgNO,,

(c} The mass of sulphur dioxide which contains the same number of molecules as there are in 38 g
of carbon dioxide, CO,.

(d) The mass of water which contains the same number of molecules as there are chloride ions in 24.2 g
of calcium chloride, CaCl,,.

How many grams (a) 3 x 10% atoms
of sulphur contain: (b) 12 x 10® atoms
() 12 x 10 atoms

What is the mass of: (a) 2 molecules of nitrogen dioxide, N;O,
{b) 4 molecules of water, HyO
{¢} 1 molecule of sulphur dioxide, SO,

In a Ministry of Transport test, a bus is found to release 6.7 g of carbon monoxide gas (CO(g)) every mile
driven, How many molecules of CO(g) is this every mile?

Approximately 150 million tonnes of sulphur dioxide (SOy(g)) are emitted from the burning of oil and coal
throughout the world each year. How many SO, molecules are emitted per second?

e
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Calculate the percentage (a) Carbon in carbon dioxide
by mass of: {b) Hydrogen in pentane, G5,
{©) Oxygen in chromium nitrate, Cr(NOs);

Calculate the percentage (a) Sulphuric acid, H;SO,
of sulphur in the (b} Sulphur trioxide, SO,
following compounds: {c) Hydrogen sulphide, H,S
{(d) Sodium thiosulphate, NayS5;03
{e) Hydrated copper sulphate crystals, CuSO,.5H,0

A farmer buys a bag of fertiliser which is a mixture of ammonium sulphate (NH,),50,) and potassium
nitrate (KNOs). The bag weighs 20 kg and 30% of this mass is ammonium sulphate, Calculate the total
mass of nitrogen in the bag of fertiliser.

Work out the empirical ~ (a) An oxide of nitrogen in which 8.4 g of nitrogen combines with 4.8 g
formulae of: of oxygen.

(b) Iron chloride, if 0.86 g of iron reacts with 1.64 g of chlorine,

{c) Silicon oxide, if 5.36 g of the oxide contains 2.50 g of silicon.

What is the empirical formula of:

(a) An acid which contains 22.4% nitrogen, 76.0% oxygen and 1.6% hydrogen.

(b) An alcohol which contains 52.2% carbon, 13.0% hydrogen and 34.8% oxygen.

{(c) An organic compound with the analysis 62.1% carbon, 27.6% oxygen, 10.3% hydrogen.

An organic acid contains 0.848 g of carbon, 0.14 g of hydrogen and 1.13 g of oxygen. Given that the
relative molecular mass of the compound is 60, calculate the empirical and molecular formulae of the
compound and suggest a possible structure,

The metal nickel combines with carbon monoxide to form the compound nickel carbonyl, Ni(CO)x. When
2.95 g of nickel was warmed gently in carbon monoxide, it was converted completely into 8.55 g of nickel
carbonyl. Find the mass of carbon monoxide which had combined with the 2.95 g of nickel and then
deduce the value of x in the formula.

Crystals of hydrated iron(II) sulphate, FeSO,xH;0, contain 54.68% of iron sulphate, the remainder being
water. Calculate the value of x from this information. Using this value of x, find the relative formula mass
of the compound. When left in air for some time, 15.8 g of the crystals were found to lose 5.11 g of water
and form crystals which have the formula FeSO.yH,O. Calculate the value of y,



senoeeee s o guyn

&
o
]
o
a
o
-]
@
]
o
L]
&~
L]
a
o
@

voceoeeaaaanewmenoooaaoamomoaaaauameem

a
®
L]
&
[]
@
2
L
L]
L]
]
o
@
)

-
&
L)
-]
®
@
e
@

Calcium carbide (CaCy) reacts with water to produce ethyne (CoHp) according to the following
equation:

CaCyfs) + 2H,0() — Ca(OH)y(aq) + Cotl(g)
If 3.2 g of calcium carbide are reacted with an excess of water, what mass of ethyne gas will be
produced?
Calcium carbide is manufactured according to the following equation:

CaOfs) + 3C(s) —> CaCyfs) + CO(g)
If 20 g of CaC, are required, what mass of carbon must be reacted?
In the thermite process for on-the-spot welding of steel, iron oxide is reduced by aluminium to produce
aluminium oxide and iron with the evolution of much heat.

BAl(s) + 3Fe304(s) > 4A1,04(s) + Fe(s)

Write an expression for the mass of iron oxide which will react completely with x g of aluminium.

One stage in the production of chromium metal from its ore chromite, Fe(CrOy),, is as follows:
4FE(CI'02)3(S) + 8N33C03(S) + 702(g) —> 8NﬂzCl'04(S) + 2F6‘203(S) + 8C02(g)

If 11.2 kg of chromite are reacted:
(a) What mass of sodium chromate (Na;CrO,) would be produced?
(b} What mass of oxygen gas would be needed to react exactly?

Gaseous ammonia reacts with heated copper(Il) oxide according to the equation;

3Cu0(s) + 2NHi(g) — 3Cu(s) + Nyfg) + 3H,0())

In an experiment, 3.4 g of ammonia is reacted with heated copper oxide, calculate:
(a) The mass of copper formed;
{b) The mass of nitrogen gas produced.

The industrial production of nitric acid involves the following stages:
ANHy(g) + 504(g) — 4NO(g) + 6H,0(g)
2NO(g) + O4(g) — 2NO4g)
3NOy(g) + H:0(1) — 2HNOs(aq) + NO(g)

If 1.7 tonnes of ammonia are reacted with excess oxygen in the first stage, what mass of nitric acid will
be produced assuming that each stage of the reaction has a 100% yield? E

One technique for reducing the emission of nitrogen monoxide from car exhausts is fo react it
with ammonia gas, according to the following equation:

4ANHy{g) + 6NO(g) — 5Nyg) + 6H,0(g)

If a car emits 04 g of nitrogen monoxide per mile, what mass of ammonia wilt be required to
neufralise it per day, if the car travels 12 000 miles per year?

Some iron metal was burned in chlorine gas to form solid iron chioride. It was found that 4.2 g of iron
reacted exactly with 7.99 g of chlorine. Deduce the equation for the reaction.

In an experiment, it is found that 3.2 g of copper metal reacts exactly with 8.4 g of nitric acid (IINO;).

{a) Calculate the moles of copper and nitric acid that reacted.

(b) Hence calculate the molar ratio in which copper and nitric acid react.

{c) Given that the products of the reaction are copper nitrate (Cu(NOs)y), nitrogen monoxide (NO) and
water, deduce the equation for the reaction.

- —
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An organic preparation of N-propylethanamide involves the reaction between ethanoyl chloride
(CH;COCH) and propylamine (C;H,NH,):

CHyCOCl + C3HNH, — CH,CONHC,H, + HCI

3.14 g of ethanoyl chloride are reacted with an excess of propylamine and 3.21 g of N-propylethanamide
are produced. What is the percentage yield of the product?

How many moles of gas are there, at  (a) 48 000 cm® of carbon dioxide
room temperature and pressure, in: {(b) 120 cm® of sulphur dioxide
(c) 4.8 dm® of ammionia

What volume will the following (a) 5 mol of nitrogen dioxide
quantities of gas occupy at room I(b) 3 x 10 mol of hydrogen sulphide
temperature and pressure? (c) 0.1 mol of argon

Convert the following masses of {a) 1x 10 g of methane, CH,

gases into volumes at standard {b) 0.11 g of carbon dioxide, CO,
temperature and pressure: (c) 1g of hydrogen, H,

Calculate the volume of hydrogen evolved at RTP when 3.25g of zinc are added to an excess of
hydrochloric acid:

Zn(s) + 2HClaq) — ZnClyag) + H,
What volume of nitrogen dioxide is evolved at RTP when 185 g of magnesium nitrate are fully
decomposed by heat?

2Mg(NOg)fs) — 2MgOf(s) + 4NO(g) + Oyfg)
What volume of oxygen is needed at RTP to react with 10 dm?® of pentane gas when it burns and what
volume of carbon dioxide will be formed?

CsHialg) + 804(g) —> 5CO4(g) + 6H:0(1)

250 em® of SO, and 300 cm® of HS reacted together according to the following equation:
SOA(g) + 2H,S(z) — 2H,0(g) + 35(s)

What volume of gas will be left at the end of the reaction?

10 cm® of a hydrocarbon of formula CJl, were burnt in excess oxygen. At the end of the reaction
0.048 g of liquid water had been formed and the total volume of gas left was 80 cm®, of which 30 cm?®
was unburnt oxygen. Deduce the values of x and y in the formula of the hydrocarbon, All measurements
were taken at STP, '
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What is the concentration (a} 0.5 mol of potassium iodide dissolved in 125 cm® of water

(in mol dm™) of the following (b) 1 mol of sodium chloride dissolved in 2 dm?® of water

solutions: (¢) 1.25 % 10°* mol of ammonium nitrate dissolved in 75 cm®
of water

How many moles are in the (2) 30 cm® of a 0.2M solution of hydrochloric acid

following: {b) 120 cm® of a 2.4 M solution of potassium nitrate

(©) 2 dm® of a 0.9M solution of magnesium sulphate

How many grams of the named (a) 50 cm® of 20M sulphuric acid, 50,
substance will be present in: (b} 250 cm® of 0.25M barium chloride, BaCl,
(©) 2 dm?® of 0.75M potassium carbonate, K,CO;

In a titration, 25 em® of 0.1 M potassium hydroxide is pipetted into a conical flask, Sulphuric acid is run
in from the burette and it was found that 19.8 cm® were required to react exactly. Calculate the
concentration of a solution of sulphuric acid.

H;504(aq) + 2KOH(aq) —> K,S04aq) + 2H,0()

Excess calcium carbonate is added to 20 cm® of 1.2M nitric acid. Calculate the volume of carbon dioxide
formed at room temperature and pressure,

CaCOys) + 2ZHNO4(aq) —> Ca(NOy){aq) + H:O() + CO«g)

Calculate the mass of silver chloride that will be precipitated when 10 em?® of 1.5M magnesium chloride
are added to an excess of silver nitrate solution.

2AgNOs(aq) + MgClfaq) — 2AgCl(s) + Mg(NOs){aq)

17.16 g of hydrated sodium carbonate of formula NayCOs.xH;0 were dissolved in water and made up to
exactly 250 cm® in a standard flask, 25 cm® of this solution were then pipetted into a conical flask and
titrated with 0.78M hydrochloric acid; 15.4 cm® were required. Calculate the value of x in the formula.

NapCOxHy0(s} + 2HCl(aq) — 2NaCl(ag) + COyg) + (x+1)H0(1)

Manganate(VII) ions react in acid solution with hydrogen peroxide according to the following equation:
2MnQq(aq) + 5HyOxaq) + 6H*(aq) — 2Mn®*(aq) + 504(g) + 8H,0(1)

(a) Calculate the volume of potassium manganate(VII) of concentration 0.04 mol dm™ required to react
with 40 cm® of 0.01 mol dm™ hydrogen peroxide. ‘
(b) What volume of oxygen gas will be given off at RTP?
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These questions will only be required for some AS/A2 specifications.

Assume that 1 atmosphere = 100 kPa = 1.0 x 10° N m™

What would be the {a) 240 cm® at 80°C and 70 kPa
volume of a gas at STP (b} 18 dm® at ~13°C and 2 atmospheres pressure
if it occupied: (c) 33 dm?® at 56°C and 200 kPa

(d) 85 dm® at 0°C and £ MPa

How many moles are (a) 4.4 dm® of carbon dioxide at 20°C aﬁd atmospheric pressure
there in: (b} 16 dm® of sulphur dioxide at 0°C and 129 kPa
(c) 22 g of carbon dioxide at 60°C and 50 kPa

(2) What is the volume of two moles of oxygen at room conditions (20°C and atmospheric pressure)?

(b) What will be the pressure of a gas, three moles of which occupy 48 dm® at 25°C?

(c) If six moles of gas are heated at 100 kPa pressure so the volume is 180 dm®, what is the temperature?
(d) What is the volume, at 18°C and 3.5 MPa, of 32 g of sulphur dioxide?

A 2.0 dm® vessel contains 3.4 g of H,S at a pressure of ¥ MPa and a 5.0 dm® vessel contains 17 g of NH;
at the same temperature. What is the pressure of the NH;?

A gas sample, whose relative molecular mass is 153, occupies 1550 cm® at STP. What is the mass of
the gas sample?

3.00 g of a gas at 91°C and 0.125 MPa pressure occupies 1600 cm®. Calculate the relative molecular mass
of the gas?

Calculate the volume occupied by 8.00 g of pure sulphur trioxide gas at 1.0 x 10° N m™ pressure and
546 K.

Calculate the number of moles of an ideal gas that occupies 2.90 x 10° cm® at 3.50 x 10° N m? and
J20 K, - :

A gaseous hydrocarbon has a density of 1459 g dm™ at 320 K and 1.30 x 10° N m2 pressure. Calculate
its relative molecular mass.

0.80 g of a gas was placed into a vessel of volume 0.95 dm® at a temperature of 240°C. The gas was found
to exert a pressure of 0,55 atmospheres. Calculate the relative molecular mass of the gas.
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1 )025mol (b)01lmol ()01mol (d)5mol (e)2mol

2 (a)228g (0)325g (277g )142g ()75g

3 (@01mol (b)04mol (c)0.167mol (d) 025 mol (e) 0.06 mol
4 (@a)b6g ()54g ()395hg (d)973g (e)586g

5 (a)14256g (b)d5g (¢)1 mol

6 (a)273g (h0118g (c)5h3g (d)78b¢g

7 (@)16g (b)b6dg ()64x108%g

8 (2)153x10%2g (h)120x10%g ()1.07x10%g

& 1.44 x 10% molecules

10 4.46 x 10? molecules

Sheet 2

1 (a)273% (b)167% (c) 60.5%

2 {(a)327% (H)40% (©)941% (d)405% (e) 128%
3 Relative formula masses: (NH,),S04 = 132, KNO; = 101
Mass in the bag due to ammonium sulphate = 20 x 30/100 = 6 kg
Mass of N from ammonium sulphate = 28/132 x 6 = 1.27 kg
Mass in the bag due to potassium nitrate = 20 -6 = 14 kg
Mass of N from potassium nitrate = 14/101 x 14 = 1.94 kg
Therefore total mass of nitrogen in the bag = 3.21 kg

(@) N;O (b)) FeClz () Si0,

() HNO; (b) CH:O (0 GHO

Empirical formula = CH;O Molecular formula = GH4O,
Possible structure: as for ethanoic acid

o &

Ancwens

7 Mass of carbon monoxide combined with the 2.95 g of nickel = 8.56 - 2.95 = 560 g

Moles of Ni in 2.95 g = 2.95/59 = 0.05 mol
Moles of CO in 5.60 g = 5.60/28 = 0.2 mol
Molar ratio Ni:CO = 0.05:0.2, i.e. 1:4
Therefore x = 4

8 FeSO, =152, H,0 =18
Therefore 152 x 100/(152 + 18x) = 54.68
x=7 :
Relative formula mass of the compound = 278
15.8 g of FeS0.L7H,0 = 0,057 mol
5.11 g of H;0 = 0.28 mol

Therefore when 1 mol of FeSO,.7H;0 partially dehydrates, 5 mol of water are formed.

Thereforey =7-5=2

heet 3

The working for questions 1 to 5 is exactly as on Resource Sheel 1.

113g

2 112 ¢g

3 29x/9

4 (a)162kg (b)28kg
5 (2)192g ()28¢g



Sheet 3 continued
& By inspection of the equations, it can be seen that the following molar ratios exist:
4NHz:4NO:ANO5:2. 67THNO; (4 x 2/3)
Therefore molar ratio of NHzHNO; = 1:0.667 (2.67/4)
1.7 tomes of NIz = 1.7/17 = 0.1 ‘mol’
Moles of HNO; produced = 0.1 % 0.667 = 0.067 mol
Therefore mass of HNO; produced = 4.2 tonnes
7 0.4 g of NO = 00,0133 mol
moles of NO produced per day = 0.0133 x 12 000/365 = 0.44 mol
Mass of NI; required = 044 x 4/6 x 17 = 498 g
& 4.2 g Fe = 0.075 mol
799 g Cl, = 0.112
Molar ratio Fe:Cl, = 1:1.5 i.e. 2:3
Equation is: 2Fe(s) + 3Cly{g) — 2FeCly(s)
@ (a) Moles Cu = 0.05 mol, moles HNO; = 0.133 (b} CwHNO; = 1:2.66 1e. 3:8
(c) 3Cufs) + 8HNOs(aq) — 3Cu(NOgz)(aq) + 2NO(g) + 4H,0(1)
10 3.14 g ethanoy! chloride = 0.04 mol
Therefore maximum yield is 0.04 x 101 = 404 g
%eage yield = 3.21/4.04 x 100 = 79.5%

T (@2mol (b)5x10°mol (c) 0.2 mol

2 (a)120dm® (b)72cm®  (c) 2400 cm®

3 @0ldem® (B)56cm® (o) 11.2dm?
The working for questions 4 and 5 is as on Resource Sheet 1.

4 1200 cm3

B 6000 cm®

6 80dm® oxygen (10 % 8), 50 dm® carbon dioxide (10 x 5)

7 250 cm?® of SO, will need 500 cm® of H,S to react completely.
Therefore only 150 cm?® of SO, will react, leaving an excess of 100 cm®, 300 cm?® of water vapour will
be produced (2 x 150).
Therefore total volume of gas at the end = 400 cm?®

8 Volume of CO, formed = 50 cm? therefme molar ratio of C,H:CO; =1:5,x =5
Moles of H;O = 0.048/18 = 2.67 x 10 mol and moles of CQ, = 50/22400 = 2.23 x 10 3mol
Therefore molar ratio Hy0:CO, = 2.67:2.23 ie. 1.2:1.0 or6:5, y = 12

Sheet 5

1 @4M . BO5SM () 0.0167M
2 (8)6x10°mol  (b) 0288 mol (c) 1.8 mol
3 (@98g M13g (D27g
4 25cm®01MKOH = 25/1000 x 0.1 = 25% 10 mol
Moles H,S0; reacted = 1.25 x 10 mol
Concentration of H,SO, = 1.25 x 10 x 1000/19.8 = 0.063 M
5 Moles HNO, = 2071000 x 1.2 = 0.024 mol
Moles CO, produced = 0.012 mo!
Volume CO, = 24000 x 0.012 = 288 cm3
©® Moles MgCl; = 10/1000 x 1.5 = 0.015 mol
Moles AgCl = 0.03 mol
Mass AgCl=431¢
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heet 5 confined
7 Moles HCl = 15.4/1000 x 0.78 = 0.012 mol
Moles Na,CO5.xH,0 in 25 em?® that reacted = 6 x 10 mol
Therefore moles of Na,COyxH,0 in 250 cm® = 6 x 10*mol
17.16 g = 6 % 107 mol. Mass of 1 mol = 286
i.e. Relative formula mass is 286.
Mass due to NayCO; is 106. Therefore xH;0 = 180, x = 10
8 (a) Moles Hy0p = 4 x 10°*
Moles MnOj reacting = 1.6 x 107*
Volume MnO; = 1.6 x 10 x 1000/0.04 = 4 cm®
(b) Volume of Oy = 4 x 104 x 24000 = 9.6 cm®

heet

1 (a) Using the expression P1Vy/T; = P;Vy/T;
70 x 240/353 = 100 x V,/273
Therefore Vs, = 129.9 cm®
Using the same method: (b) 37.8 dm®  (¢) 54.77 dm®  (d) 1700 dm®
2 (a) Use PV = nRT
n =100 000 x 44 x 107%/8.31 x 203 = 0.18
(b} Use the same method and n = 0.9L.
(c) 22 g of COy = 0.5 mol (trick question)
3 These questions all involve the formula PV = nRT (and mol = g/M, in part {dn
(a) 487 dm® (b)155A (c)361K (d)0.345 dm?
4 0.1 mol IS and 1 mol NH;
T; = Tz
Therefore P;Vi/ny = PaVa/ng ( R cancels)
2000 x 10%y/0.1 = 5000 x 1078 x Py/1
Py = 4y MPa
5 Use PV = nRT to find n = 0.068
Therefore g = 0.068 x 153 = 104 ¢
6 Use PV =nRT to find n = 0.066
Therefore M, = 3/0.066 = 45.4
7 Moles SO; = 0.1 mol
V = 0.1 x 8.31 x 546/1 x 105 = 4.54 x 10™* m* (4.54 dm”)
8 n=35x105x29x10%831 x 320 = 0.38 mol
8 n=13x105x1x10%831 x 320 = 0.049 mol
M, = 1.459/0.049 = 20.8
10 n = 0.55 x 105 x 0.95 x 107%/8.31 x 513 = 0.012
M, = 66.7 '
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